Background
Introduction
Many epidemiological studies have investigated the relationship between alcohol consumption and breast cancer risk [1] . An increased risk of breast cancer related to higher intake of alcohol has been found in most of the studies [2] [3] [4] [5] . However, the findings on the association with low-to-moderate alcohol consumption are not consistent [6] [7] [8] [9] [10] . Little is known whether the association varies by menopausal status or other risk factors [6] .
The underlying biological mechanism of the relationship between alcohol intake and breast cancer is not clearly defined [11] . However, there is some evidence that alcohol associated breast carcinogenesis includes hormone-dependent carcinogenic pathways. Ethanol stimulates cell proliferation and the transcriptional activity of estrogen receptor-α (ER-α), which enhances levels of circulating estrogens that control proliferation and morphogenesis in the breast [12] [13] [14] [15] [16] [17] . Epidemiological studies also demonstrate evidence for endogenous sex hormones related increase in breast cancer risk [18, 19] .
A significant increase in risk of estrogen receptor-positive (ER+) and/or estrogen receptorand progesterone receptor-positive (ER+/PR+) breast cancer due to alcohol intake has been reported, but no increase in risk of estrogen receptor-negative (ER-) and/or estrogen receptorand progesterone receptor-negative (ER-/PR-) breast cancer [3] [4] [5] [20] [21] [22] [23] . However, the findings are not consistent [24] [25] [26] . Some authors identified a significant increase in risk of ER-/PR- [24, 25] , but not in estrogen receptor-positive and progesterone receptor-negative (ER+/PR-) breast cancer [5, [20] [21] [22] 24] .
This case-control study aimed to explore the association of low-to-moderate levels of alcohol consumption with risk of breast cancer subtypes defined by tumor hormone receptor status.
Materials and Methods

Study design
We performed a hospital-based case-control study of breast cancer in the Hospital of Lithuanian University of Health Sciences. The cases (n = 585, presenting 86.9% of eligible cases) were women aged 28-90 years with new histologically confirmed breast cancer (C50 and D05 according to ICD10) diagnosed between 1 March 2007 and 10 January 2011, who required surgical intervention at the Department of Surgery and were free from other cancer diagnosed in the past. The controls (n = 1,170, presenting 84.1% of eligible women) were women without a personal history of cancer hospitalized to other departments (Ophthalmology, Otolaryngology, Neurology, and Cardiology) of the hospital within the study period. Controls presented with a wide spectrum of non-neoplastic disorders and diseases of (a) eye (cataract, glaucoma, optic neuritis, and keratitis), (b) ear-nose-throat (otitis, sinusitis, deviation of nasal septum, tonsillitis), (c) nervous (facial and trigeminal neuritis, radiculopathy and radiculitis, epilepsia, multiple sclerosis, Parkinsonism, sleep disorders, and migraine), and (d) cardiovascular (arterial hypertension, ischemic disease, cardiomyopathia, different arrhythmias) systems. Controls were individually matched to cases by age (±5 years) in a 2:1 ratio. The study protocol was approved by the Kaunas Regional Biomedical Research Ethics Committee (10-01-2007 No. BE-2-1, Report No. 5/2007). Written consent to complete the questionnaire and collect biological media specimens was received from each individual.
Questionnaire and exposure assessment
Both cases and controls completed a self-administered structured questionnaire previously demonstrated to be valid and reliable for collection of demographic and socioeconomic characteristics, medical history, height and weight, family history of cancer, reproductive history, and lifestyle characteristics [27] .
Alcohol consumption was assessed by a question about the frequency/quantity of the use of three different types of alcoholic beverages such as spirits (vodka, brandy, liquor, and etc.), wine, and beer. The frequency of consumption was assigned to one of seven categories of never, once per two months, 1-3 times a month, once a week, 2-3 times a week, 4-6 times a week, every day. We also asked about quantities for each type of alcoholic beverage consumed in milliliters (ml). Assessment of alcohol consumption was based on an individual's usual drinking habits. A recall period was set at one year before cancer diagnosis (cases) or the last admission to hospital (controls). We also ascertained alcohol consumption habits by the responses: "yes", "gave up. . . years or. . . months ago", "no, I have never used" to a question "Do/did you drink alcoholic beverages?" Therefore, if there was any recent change in habits or quitting drinking, information was sought on the respondent's habits before the change.
The total number of alcoholic drinks (1 drink is about 10 g [0.
01 kg] of alcohol) per week was calculated as the sum of the weekly drinks of three different types of alcoholic beverages (spirits, wine, and beer), each of which was equal to drinking frequency per week multiplied by quantity of specific type of alcohol, and divided by 32 [28] . Calculation of frequency scores was based on alcohol consumption per week. The scores were assigned as 0 for not users, 0.125 for once per two months (1/8 weeks), 0.5 for 1-3 times a month (2/4 weeks), 1 for once a week, 2.5 for 2-3 times per week, 5 for 4-6 days per week and 7 for every day.
Measurements of hormone receptors
The estrogen receptor (ER) and progesterone receptor (PR) levels were measured in specimens of breast tumor tissue by immunohistochemistry at the Department of Pathological Anatomy [29] .
Statistical analysis
Baseline characteristics of cases and controls were summarized using means and standard deviations (SD) for continuous variables, and frequencies and percentages for categorical variables. Characteristics were compared between cases and controls using either unpaired t-tests (for continuous variables) or chi-squared tests (for categorical variables).
Women were grouped into 3 categories defined by the total number of alcoholic drinks consumed per week: 0 drinks for 10 years, 5 drinks/week, and >5 drinks/week. In the subsequent analyses, estimates of association per 1 category increase in alcohol intake were obtained; for some analyses estimates for 5 drinks/week vs. 0 drinks for 10 years, and >5 drinks/ week vs. 0 drinks for 10 years were also reported.
According to tumor hormone receptor status cases were stratified as follows: ER+, ER-, progesterone receptor-positive (PR+), progesterone receptor-negative (PR-), ER+/PR+, ER+/PR-, ER-/PR+, and ER-/PR- [30] .
Unconditional logistic regression models were used to estimate the association between alcohol intake and breast cancer subtypes calculating the odds ratios (ORs) and their 95% confidence intervals (CIs). Models were adjusted for (a) age and (b) age, number of births, age at first birth, estrogen-active (fertile) period, hormone therapy during menopause (never, estrogens and/or estrogens-progestin, other), family history of breast cancer in first and/or second degree of relatives (no, yes, unknown), smoking (never, ex-, current), body mass index, education (specialized secondary or lower, some university or higher), marital status (single, married or living as married, separated or widowed), diabetes mellitus (absent, present), and thyroid diseases (absent, present).
The interaction between menopausal status and alcohol intake (per 1 category increase) was tested using a likelihood ratio test. Heterogeneity in the estimated associations of alcohol with each breast cancer subtype was tested using a Cochran Q-test. The level of statistical significance was set at 0.05. All statistical tests were two-sided. The analyses were performed using software package Stata 10 (StataCorp LP, 2007).
Results
Of the cases, 78.3% had invasive ductal carcinoma, 8.7% invasive lobular carcinoma, 13% other histological types of breast cancer. The ER+ and PR+ were determined for 65.3% and 45% of the cases (Table 1 ). The ER and PR levels were not measured for the cases with ductal and lobular carcinomas in situ (2.6%), and myoepithelial carcinoma (0.2%).
Cases and controls were white Caucasians, similar with respect to marital status, family history of breast cancer, age at menarche and first birth, menopausal status, smoking, and body mass index (Table 1 ). However, cases had higher education and a longer estrogen-active (fertile) period, gave birth fewer times, and more often used hormone therapy during the menopause. But diabetes mellitus and thyroid diseases were more prevalent among controls.
Alcohol intake was greater among cases than controls. Current alcohol users were 86% of cases and 76.9% of controls (P < 0.001) ( Table 1 ). However, both cases and controls had a low mean alcohol intake: 1.88 (SD = 4.37) drinks/week for cases and 1.33 (SD = 3.04) drinks/week for controls (P = 0.002).
A significant increase in the odds of breast cancer associated with increased alcohol intake was seen in the adjusted model (Table 2) . Compared with non-drinkers for 10 years, the OR for consumers of 5 drinks/week was 1.75 (95% CI: 1.21-2.53) and for consumers of >5 drinks/week was 3.13 (95% CI: 1.81-5.43; P-trend < 0.001). When stratified by menopausal status, the association appeared stronger among postmenopausal women, but the interaction between menopausal status and alcohol intake was not significant (P = 0.19) ( Table 2) .
After adjustment for age and other confounders, a significant positive association between alcohol and ER+ breast cancer was identified: the OR per 1 alcohol category increase was 2.05 (95% CI: 1.49-2.82; P-trend < 0.001) ( Table 3) .
There was no evidence of an association between alcohol and ER-breast cancer (Ptrend = 0.23). The alcohol/ER+ breast cancer association appeared stronger among postmenopausal women than premenopausal women (P-interaction = 0.04).
Significant positive associations between alcohol and both PR+ and PR-breast cancer were found in overall and in postmenopausal women, with no evidence of heterogeneity in the association comparing PR+ and PR-breast cancer (P > 0.05), but with a suggestion of an interaction between menopausal status and alcohol intake for PR+ breast cancer (P = 0.05) ( Table 3) .
There were significant positive associations between alcohol and (1) ER+/PR-, (2) ER+/PR+ breast cancer, but not for ER-/PR-breast cancer (Table 4) . A 1 category increase in alcohol intake was associated with an OR of 2.57 (95% CI: 1.53-4.3; P-trend < 0.001) for ER+/PR-breast cancer, which was significantly different from the alcohol/ER-/PR-association (P-heterogeneity = 0.04), and with an OR of 1.81 (95% CI: 1.25-2.62; P-trend = 0.002) for ER+/PR+ breast cancer, not significantly different from the alcohol/ER-/PR-association (P-heterogeneity = 0.24). Significant positive associations appeared stronger in postmenopausal women compared with premenopausal women; however, the 95% CIs for the ORs in premenopausal women overlap with those for postmenopausal women, and the P-interaction values were not significant for either breast cancer subtype (Table 4) .
Discussion
In this case-control study, in which cases and controls consumed on average 1.88 and 1.33 drinks/week, we identified an association between low-to-moderate alcohol intake and risk of breast cancer: 1 category increase in alcohol intake was associated with a 1.8-fold increase in the odds of breast cancer. The findings are in agreement with results presented by most other studies [2-6, 8, 31, 32] , although some studies, especially those which estimated low-to-moderate alcohol intake related risk to breast cancer, did not find an association [7, 9, 10] . We found significant alcohol/breast cancer associations for all ER+ (ER+, ER+/PR+, and ER +/PR-), but not for ER-(ER-and ER-/PR-) subtypes. The findings are in line with a meta-analysis which demonstrated an increased risk of ER+ breast cancer, and no association between Abbreviations: OR, odds ratio; CI, confidence interval; ER-/PR-, estrogen receptor-negative and progesterone receptor-negative; ER+/PR-, estrogen receptor-positive and progesterone receptor-negative; ER+/PR+, estrogen receptor-positive and progesterone receptor-positive; ER-/PR+, estrogen receptor-negative and progesterone receptor-positive. ¶ Analysis included women with determined tumor hormone receptors (n = 569). a Adjusted for age, number of births, age at first birth, estrogen-active (fertile) period, hormone therapy during menopause, family history of breast cancer, smoking, body mass index, education, marital status, diabetes mellitus, and thyroid diseases. b Non-drinkers for 10 years (reference group). † P-value from Cochran Q test of heterogeneity in the associations between alcohol intake (per 1 category increase) and either ER-/PR-or one of the following ER+/PR-, ER+/PR+, and ER-/PR+ breast cancer. ‡ P-value from likelihood ratio test of interaction between menopausal status and alcohol intake (per 1 category increase).
doi:10.1371/journal.pone.0144680.t004
alcohol and ER-/PR-breast cancer [3] . A greater risk of ER+ breast cancer related to increased alcohol intake was reported by other authors as well [3-5, 20-23, 33] but the findings are not consistent [25, 26] . Two cohort studies published recently observed alcohol/breast cancer association independent of ER/PR status [32, 34] . Increased alcohol intake was associated with higher risk of both PR+ and PR-breast cancer, with no evidence of heterogeneity in the association. The last finding, together with the facts that (a) in this study 95% of PR+ and 43% of PR-breast cancer were also ER+ breast cancer; (b) a significant association defined for ER+, but not for ER-breast cancer with potential heterogeneity (P = 0.07) in overall group and significant heterogeneity (P = 0.04) in postmenopausal women, leads us to believe that ER status may explain the significant association of alcohol with PR+ breast cancer and, in part, with PR-breast cancer. Our findings as well as results from other epidemiological studies [3-5, 20-23, 33] support the importance of an estrogen-dependent pathway in alcohol induced breast carcinogenesis. The results are corroborated by experimental studies. Enhanced sex hormone levels after intake of moderate levels of alcohol were found in both premenopausal and postmenopausal women [14, 15] . There is evidence that endogenous estrogen levels are increased by alcohol because of decreased hepatic catabolism of androgens [35] or effects on adrenal steroid production [15] . In vitro studies demonstrate that alcohol stimulates proliferation, ER-α and aromatase expression in breast cancer cells [36] , increases the transcriptional activity of ER-α [12] and enhances the content of ER-α in ER+ human breast cancer cells [13] .
Our rationale for assessing potential heterogeneity in the alcohol/breast cancer association by menopausal status was firstly, because most of breast cancers are postmenopausal with the majority being hormone dependent [37] ; secondly, alcohol (ethanol) increases content of estrogens that are associated with higher risk of breast cancer [14, 15, 18, 19] . In the overall sample, we did not find a significant interaction between alcohol and menopausal status; however, when considering different breast cancer subtypes defined by hormone receptors, there was a significant interaction between menopausal status and alcohol for hormone receptors-positive (ER+ or PR+) breast cancer, and no evidence of interaction for hormone receptors-negative (ER-or PR-) breast cancer. Again, knowing that in this study 98% of postmenopausal PR + breast cancer was also ER+ breast cancer, postmenopausal ER+ women seemed to be at greater risk of breast cancer due to alcohol intake. This assumption is supported by the results on the association between alcohol intake and breast cancer defined by joint hormone receptor status. However, the small number of premenopausal cases with certain tumor receptors meant there was considerable uncertainty about the true magnitude of any associations for these groups. Yet, our results add further support to the importance of hormonal mechanisms in alcohol induced breast carcinogenesis and stress its possible differences due to menopausal status in hormone receptor-positive breast cancer. Epidemiological findings on alcohol/breast cancer association concerning the menopausal status are not consistent [8, 10, 26, 38] . A metaanalysis of epidemiological studies did not find different associations by menopausal status [39] , however, interaction between menopausal status and alcohol in breast cancer subtypes defined by hormone receptors was not explored.
In this study, in which controls were individually matched to cases by age, to estimate the association we used unconditional logistic regression (adjusted for age and other risk factors) rather than conditional logistic regression. Conditional logistic regression was more powerful and showed stronger effects in the overall sample; however, when considering different breast cancer subtypes defined by hormone receptors and, especially by menopausal status, the small number of individuals with certain breast cancer subtypes led to wide CIs around the estimated associations, especially for premenopausal women.
To avoid selection bias, we invited all the patients that met selection criteria within the study period at the departments of the hospital selected randomly and did not disclose the hypothesis. Both cases and controls were representative of patients in a hospital which provides medical services for the population. This type of the study ensured a high response rate in both cases and controls; 13.1% of cases and 15.9% of controls declined to participate in the study (P = 0.09).
We assessed exposure to alcohol by number of drinks per week, where one drink was equivalent to 10 [28] . However, ethanol quantities may vary in different alcoholic beverages and a real quantity of pure ethanol in one drink may differ from that was assumed [40] . Nevertheless, we tried to be as precise as possible, asking about both the frequency and amount consumed, for beer, wine, and liquor, separately [41] , for the recall period that was a year before cancer diagnosis (cases) or the last admission to hospital (controls). We also took into account recent change in habits or quitting drinking, and information was sought on the respondent's habits before the change. However, a history of alcohol use with possibly previous changes was not assessed. On the one hand, this "reference" recall period gave more accurate information because of lower recall bias, a known limitation of case-control studies. On the other hand, some information about previous alcohol use and possible changes were not incorporated into the analysis.
In conclusion, this study provides evidence that the association between low-to-moderate alcohol intake and risk of breast cancer differs by tumor hormone receptor status, with a stronger risk demonstrated for estrogen receptor-positive breast cancer. The results show that alcohol/estrogen receptor-positive breast cancer association differs by menopausal status. Further studies are necessary to define whether the association with alcohol consumption varies by menopausal status independently of other risk factors. Since alcohol intake is a modifiable risk factor of breast cancer, the findings are very important to public health and primary health care workers that could inform and advise women to control alcohol consumption.
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